We consider a DS/CDMA communication system with K active users. Each user is assigned a unique spreading sequence {c
x (j) = Hs (j) +n (j) , j = 1, · · · , J
where H is the M × N MIMO channel matrix coupling the transmitter and receiver antennas. n is white Gaussian random vector. The one bit received signal can be written as
whereÑ consists of n (1) , · · · , n (J) and is also white Gaussian random matrix. The array output signal r (j) is linearly combined through a complex weight matrix W to yield the array output signal that can be written as r (j) = W H x (j), j = 1, · · · , J, where W is M × N weight matrix. From (1), we reconstitute the array output signal. Buffering the array output signal into blocks of length J, each block can be written in vector formr =W
Hx
whereW is JM × JN weight matrix andx is JM × 1 received signal vector that can be expressed asx =Hs +ñ =HCb +ñ (4) whereH is JM × JN MIMO channel matrix.
TLS Detector
The robust detector is based on the TLS algorithm [3] and we name it as the "TLS detector [4] ". As signal propagates through the MIMO channel, it is usually subject to multipath fading such that it arrives at the destination along a number of different paths. This leads to the signature waveform distortion [5] . Combine (3) and (4), the antenna array output signal can be written as r =W The summary of the TLS-based algorithm can be described as follows, the optimum E s is composed of the K largest (nonzero) eigenvectors of the matrix
The summary of the ESPRIT-based algorithm can be described as follows:
1.Obtain an estimateR xx of R xx from the measurements x 2.Perform eigendecomposition onR xx to obtainÛ s 3.SolveÛ s1 =ΨÛ s2 forΨ
6.Findθ r = sin 
LMS Receiver
We propose an adaptive receiver that is based on the LMS algorithm and we name it as the "LMS receiver". The despreader outputb (n) can be written asb (n) = C Hr (n) ÁL = C TWH (n)x (n) ÁL. A linear receiver that comprising a weight matrix W operates on the input vectorx to yield the outputb. The weight matrixW is chosen to minimize the cost function
The adaptive algorithm is asW (n + 1) =W (n) − 2µx (n) e H (n) C H ÁL. In order to improve the LMS-type receiver, we propose an advanced scheme named as the "LMS sequence revising (LMS-SR) receiver". The new structure uses LMS algorithm to update despreading sequence. Taking gradient with respect to the despreading sequence, we get
ESPRIT Based LMS Receiver
The summary of the ESPRIT-LMS algorithm can be described as follows:
1.Obtain an estimateR xx of R xx from the measurements x 2.Perform eigendecomposition onR xx to obtainÛ s 3.SolveÛ s1 =ΨÛ s2 forΨ 4.Obtain eigenvaluesλ 1 ,λ 2 , · · · ,λ N ofΨ LS andΨ T LS 
5.Findθ

